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^ 0 Process for manufacturing compounds containing two or more vinyl sulfone groups. 



0> © A compound containing two or more vinyl sulfone groups is prepared by dehydrohalogenating the 
corresponding haloethyl suHbne using an alkali 
The use of the alkali metal salt of a caxbox\ 
hompolymerize during the manufacture thereof. 



00 corresponding haloethyl suHbne using an alkali metal salt of a carit>oxyiic add to effect the dehydrofialogenation. 
The use of the alkali metal salt of a cart)oxylic add Inhibits the tendency of the product vinyl sulfone to 
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Background of th inventi n 

This invention relates to an improved process for the preparation of compounds containing two or more 
vinyl suKbne groups. 

5 Compounds containing two or more vinyl sulfone groups (hereafter "vinyl sulfones*) are well known 
cross-linking agents for hydrophilic coltoids, such as photographic gelatin. These compounds are usually 
prepared from the corresponding haloethylsulfonyl compounds by d6hydrohak)genation using a strong 
organk: base such as triethylamine. One disadvantage that has been observed in making and using these 
vinyl sulfones is that these compounds. partk:ularly the more active ones, such as bis-(vinylsulfonyl)- 

10 methane (BVSM), will readily homopolymerize in the presence of a strong base. In U.S. Patent 4»171,976 to 
D.M. Bumess et al it is disck)sed that homopolymerization inhibitors, such as 3,&<iinitrok)enzoic acid, can 
be used to prevent homopolymerizatk)n of the vinyl sulfones. However, even with such inhibitors, vinyl 
sulfones readily polymerize so that in the process of making a vinyl sulfone with a strong t>ase. such as 
triethylamine. careful handling is required to prevent the presence of too much base. It is not easy to 

15 determine ttte exact stoichiometry in this process particularly t)ecause the quality of the precursor is 
variable and there Is no good analytical method available for it. This results in commerdat processes which 
are complicated and tedious and give unpredictable yields. 

Problem to be Solved by the Invention 

20 

This invention solves the prot>lem of undesired homopolymerization of a compound having two or more 
vinyl sulfone groups during the manufacture thereof. 

Summary of the Invention 

25 

This invention comprises a method of preparing a compound of the formula: 
{CH2=CH-SQ2)»,-Z 
30 by reacting a compound of the formula: 

(CHX-CH2-S02)n-Z 

where X is a halogen atom. Z is an organic radical having a valence of n and n is 2-6. in the presence of an 
35 alkafi metal salt of a cartx>xylic add. Use of the alkali metal salt of a cartM>xylic add in the de- 
hydrohalogenation reaction inhibits the tendency of the vinyl sulfone to homopolymerize during the 
manufacture thereof. 

Advantageous Effect of the Invention 

40 

The use of a weak base, such as an alkali metal salt of a cartxixylk: add. provides an appropriate 
environment for the process since the by-product cartM)xylic add acts as a buffer. In other words, even with 
excess of base, the reaction medium does not go over a certain pH t)ecause of cartwxylic ackl formed as 
by-product. Therefore, a small excess of base can be used to complete the reaction without having any 
45 danger of homopolymerization. Since ttie reaction is complete, tiie wori(-up is straight fonnrard and the yield 
does not suffer. Furthermore, the by-products are only alkali metal halide and carboxylic acid. After removal 
of those by-products, the product does not require any furtiier purification to meet the desired quality 
specifications. As a result, the process of this invention reduces solvent usage and minimizes waste 
streams. 

so 

Detailed Description of the Invention 

The process of this invention produces a vinyl sulfone of the formula: 

55 (CH2=CH-S02)„-Z 

wh r Z is an organic radical having a valence of n and n is 2-6. 
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Inth above formula Z is prefferably 

-A- 

-0-A-O , or 
-D- 

5 where A is an alkylene group containing 1 to 8 carbon atoms which may be unsut>stituted or substituted 
and the aJkylene chain may be interrupted by one or more hetero atoms or organic groups, or an arylene 
group, which may be substituted or unsubstituted, and D is a trivalent alkylene group, a trivalent arylene 
group which may be substituted with one or more additional CH2 = CH-SOi2«groups. a trivalent cyclic 
alkylene group which may be substituted with one or more CH2=CH-SQ2- groups, or a trivalent 

10 heterocyclic group which may be substituted with one or more CH2=CH-S02- groups. Preferred sut>- 
stituents for A include -OH, phenyl, aralkyl. such as phenethyl, or CH2 = CH-SQ2- groups. The aryl moiety of 
the aralkyl group may be sulfonated. The alkylene group may be interrupted by one or more of the 
following: oxygen atoms, arylene groups, cydoalkyl groups, -NHCONH- . or -N-R, where R is an alkyi group 
containing 1 to 8 carbon atoms, 

75 Illustrative vinyl suHbnes are compounds having the following formulas: 

CH2 = CHSQzCHzSOsCH = CH2 
CH2 = CHSQ2CH2CH2SQ2CH = CH2 
CH2 = CHS02(CH2)5S02CH = CH2 
20 CH2 = CHSQ2OCH2OSO2CH = CH2 

GHz = CHSQ2CH2CH2CX)H2CH2NHCONHCH2CH2-OCH2CH2SQ2CH = CHz 

CH2 = CHSQ2CH2CH2OCH2CH2OCK2CH2SQ2CH = CH2 

GHz = CHSQzGHzGHzOGHzGHzGHzGHzOGHzGHzSQzGH = GH2 



25 




30 



CH2=CHS02 




:H— SO2— CH=CH2 



35 



40 




CH2=CHS02CH2CHCH2S02CH=CH2 



45 



OH 



CH2=CHS02CH2CHCH2CHCH2S02CH=CH2 
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CH2=CHS02<|HCH2S02CH=CH2 
S02CH=CH2 



CH2=CHS02CH2(j:HCH2S02CH=CH2 
S02CH=CH2 



CH2=CHS02. S02CH=CH2 

CH2=CHS02 { H N S02CH=CH2 

CH2=CHS02'^ S02CH=CH2 



In a preferred embodiment, this invention provides the process for the preparation of a bis-(vinylsul- 
fonyl)alkane having the formula: 

25 CH2 = CH-SQ2KCH2)n.-S(>2-CH = CH2 (1) 

from a bis-(haloethylsuHbnyl)alkane having the formula: 

X-CH2-CH2-SQ2-(CH2)„»-S02-CH2-CH2-X (II) 



wherein X is a halogen, such as chlorine or bromine, and m is 1, 2, or 3; using an alkali metal salt, 
preferably a sodium or potassium salt of a cart>oxylic acid, preferably a low molecular weight carboxylic 
add having the formula: 



"-°-r" (III) 



o 



wherein M is an alkali metal, preferably sodium or potassium, and R is -H, or a substituted or unsubstituted 
hydrocarbyl group containing 1 to 7 cart>on atoms. 

The process of this preferred emtxxllment of the invention comprises dissolving compound II in an inert 
solvent and reacting with a slight excess of the sodium or potassium salt of a low molecular weight 
45 cartx>xylic add (111) to produce desired compound I, sodium or potassium halide. and the cart)oxylto add. 

The process is characterized by clean and complete reaction without danger of homopolymerization of 
the compound L 

For the purpose of this invention, a sodium or potassium salt of tow molecular weight cartx)xync add is 
characterized by having the foltowing characteristics: 
50 1 . it is a weak t>ase whteh does not induce homopolymerization of tfie compound I. tnit is strong enough 
to effect dehydrohalogenation. 

2. its by-product, cariboxylic add. remains in solution while the reaction Is in progress and is easily 
removable after the reaction Is complete either by evaporation at low temperature or by washing with 
sotvent(s). If th carfcwxylic acid is removed by vaporati n, th t mperature should be relatively low, for 

55 exampi in the range of 0 to 50* C under a reduced pressure of 0.1 to 100 Torr, since high r 
temperatures may cause homopolymerization of the vinyl suKon even in the acidic reaction medium. 

3. it is low cost and readily availabl . 
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In vi w of these desired characteristics, the cartx)xylic acid is defined as set forth atx>ve in formula (III), 
wher in R is or a hydrocarbyl group containing 1 to about 7 carton atoms. The hydrocarbyt group may 
be substituted r unsubstituted. Examples are: sodium r potassium formate, acetate, propionate, butyrate. 
isobutyrate, pentanoate. hexanoate, heptanoate. octanoate, chl roacetate. turomoacetate. hydr xyacetale. 

5 benzoate. chlorobenzoate, and hydroxybenzoate. Among these, most preferred are sodium or potassium 
acetate and sodium or potassium propionate. 

The amount of alkali metal salt of a cartx)xylic acid used in the dehydrohalogenation reaction should be 
a slight excess to make sure the reaction is complete. Generally, the amount of salt used should be about 
1% to atx>ut 10% in excess of ttiat required to effect complete dehydrohalogenation. 

10 The inert solvent for the process of this invention comprises any solvent which does not react with 
either the starting material compound (II) or the product compound (I). A preferred solvent for the process of 
this inventkm is low cost and has tow boiling point since it should be easily removabto after its use by 
evaporation at a low temperature. Suitable solvents include, for example, acetone, methyl acetate, ethyl 
acetate, propyl acetate, diethyl ether, diisopropyl ether, tetrahydrofuran, acetonitrile, propionitrile. 

IS butyronitrile, chloroform, dichloromethane, dichloroethane, trichloroethane, benzeue, and toluene. 

The dehydrohalogenation reaction is generally conducted at a temperature which gives a reasonable 
rate of reaction, but whtoh does not cause unwanted homopolymerization or extraneous side reactions with 
loss of yield of desired product. For example, temperatures of from 20 *C to 60 *C can be employed; 
generally it is prefenred to use a temperature of from 30*C to 45*C. 

20 Ambient pressures are preferred: however, somewhat reduced pressures can be used since it may help 
maintain the desired temperature by evaporation and reflux of solvent 

The reaction time is dependent upon the choice of salt and the reaction temperature. It should be 
neither too short since it may cause incomplete reaction, nor too long since it may cause homo- 
polymerization or other side reactions. In general, reaction times of from atxmt 2 to about 8 hours are 

25 preferred. 

After the dehydrohalogenation reaction is complete, the excess of base may t>e acidified using a 
correspondirtg excess amount of hydrochtoric add or hydrobromic add. Then, tfie resulting salt, sodium or 
potassium halide, can be removed by filtration or water washes. The product pure enough to meet the 
desired quality specifications can be okrtained by known techniques, such as simple removal of solvent by 
30 distillation or crystallization from appropriate soh^nt or solvent mixture. 

The following examples illustrate the preparation of a vinyl sulfone using the process of this invention. 

Example 1 

35 A solution of 26.9 g (0.10 mol) of t>is-(2-cholorethylsulfonyl)-methane and 0.1 g of 3,5-dinitrobenzoic 
add in 70 ml of acetone is stirred with 19.8 g (0.206 mol) of sodium proptonate at 40*C for 3 hours. The 
reaction mixture is cooled to 20*C and 5.3 ml (0.06 mol) of hydrochtoric acid Is added with stining. The 
mixture is filtered to remove salt and to the filtrate is added 0.2 g of 3,5-dinitrobenzoic add. The solution is 
concentrated to an oil under a reduced pressure removing solvent and most of propionic acid whito keeping 

40 the temperature below 50*C. The oil is then crystallized firom 35 ml of ethyl acetate and 70 ml of heptane 
to give lao g (95%) of bis-(vinylsulf6nyl) mettiane. 

Example 2 

45 The same process described in Bcample 1 is canied out using 16.9 g (0.206 mol) of sodium acetate 
instead of sodium propionate. After removal of salt, the filtrate is concentrated to an oil under a reduced 
pressure removing solvent and acetic add while keeping the pot temperature below 50 *C. The oil is 
solidified upon cooling to give 19.4 g (99%) of pure bis-(vinylsuHonyl)methane meeting all quality 
specifications. 

so To compare the process of this invention with the existing one, fhe latter is descrit>ed in the fdtowing 
example. 

Exampto 3 ((Comparative) 

65 This scampi illustrates a typical prior art process in which a strong base, triethyl amin , is used in th 
dehydrohalogenation reaction. 

A solution of 26.9 g (0.10 mol) f bis-(2-chloroethylsulfonyl)-methane in 70 ml of acetone is treated 
50*C with 5 g of activated cariixm. The carbon Is filt red off with filt r aid and to the filtrate is added 0.1 g 
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of 3,5-dinitrobenzoic add. To the mixture is added at 35*C slowly 17.2 g (0.17 m I) of triethylamine. hv- 
process LC monitoring unit is started and the slow addition of triethylamine is continued until the LC unit 
indicates 98 A% of desired product It usually takes arrath r 2 g f triethylamine which comprisas total 0^ 
equivalent of triethylamine. At this time, th reaction mixture is somewhat dark cotor so ttiat it requires 

5 anottier cartran treatment The triethylamine hydrochloride and cart)on are removed by filtration and to the 
filtrate is added 0.2 g of 3,5-dinitrot>enzoic add. The mixture is then concentrated to an oil under a reduced 
pressure removing solvent while keeping the pot temperature under 50 *C. The resulting di is crystallized 
from 100 ml of methanol to give 15.1 g (77%) of product 

The vinyl sulfbne compounds manufactured in accordance with this invention can be used as a 

70 hardener for gelatin, in particular gelatin in a photographic element. The use of vinylsuHones to harden 
gelatin in photographic elements is disclosed, for example, in U.S. Patents Nos. 3,490,911 to Bumess et al, 
3,841,872 to Bumess et al, 4.171,978 to Bumess et al, 4,057,538 to Habu et al. 4,088,4% to Habu et al, 
4,168,172 to Kataoka et al, 4,173,481 to Sera et al and 4,897344 to Okamura et al, the disdosures of which 
are incorporated herein by reference. 

75 The invention has been described above with particular reference to preferred emtx>diments ttiereof. A 
skilled worker being aware of the at>ove detailed description can make many modifications or sut>stitutions 
witftout departing from the scope or spirit of the invention. 

Claims 

20 

1. A method of preparing a vinyl sulfone compound of the fonmula: 
(CH2=CH-SQ2)„-Z 

25 by dehydrohalogenating a compound of the formula: 
(CHX-CH2-SQ2)„-Z 

where X is a halogen atom, Z is an organic radical having the valence n and n Is 2-6, characterized in 
30 that sakJ dehydrohak)genization is carried out in the presence of an alkali metal salt of a carixxxylk: 
add. 

2. The process of claim 1 , wherein said alkali metal salt of a carboxylic add has the formula: 

35 

M-O-C-R 

II 
O 

40 

wherein M is sodium or potassium and R is -H, or a sul)stituted or unsubstituted hydrocarbyl group 
containing 1 to 7 cartx>n atones. 

3b The process of claims 1 or 2, wherein said alkali metal salt of a cartx)xylic acid is sodium acetate or 
45 potassium acetate. 

4. The process of claims 1 or 2, wherein said alkali metal salt of a cartx)xylic acid is sodium propionate or 
potassium propionate. 

so 5. The process of any of claims 1 to 4, wfierein tfie amount of saki alkali metal salt of a cartx>xylic add Is 
atx>ut 1% to 10% in excess of theoretical amount 

6. The process of claim 1 wherein said vinyl sulfone compound is a bis-(vinylsulfbnyl)alkane having ttie 
formula: 

55 

CH2 = CH-SQ2-(CH2U-SQ2-CH = CHz 

and is pr pared by dehydrohalogenating a bis-(haJoethylsulfonyl)alkan having th formula: 
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X-CH2-CH2-SQ2-(CH2)m-SQ2-CH2-CH2-X 

wherein X is a halogen and m is 1. 2. or 3 in th presence of an alkali metal salt of a cartxixylic add 
5 having the fbnmula: 



M-O-C-R 



10 



wherein M is sodium or potassium and R is -H or a substituted or unsubstituted hydrocarfoyi group 
75 containing 1 to 7 cartxin atoms. 

7. The process of claim 1, wherein K)is^nylsulfonyl)methane is prepared by dehydrohalogenating bis-(2- 
chloroethylsulfbnyl)methane in the presence of sodium acetate or potassium acetate. 

20 & The process of daim 1 , wherein bis-<vinylsulfonyl)methane is prepared by dehydrohalogenating bis^2- 
chloroethylsutfonyl)methane in the presence of sodium propionate or potassium propionate. 
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